Abstract. Manufacturing execution system (MES) is a computer application system that integrates all relevant real-time information along every step in a manufacturing process. MES is essential for manufacturers for gathering real-time production line information, supporting manufacturing decision making and increasing manufacturing efficiency. MES is a must for operation control and lot tracking in the shop floor of a plant with complicated manufacturing processes, such as semiconductor manufacturing fab or TFT-LCD manufacturing plant. This paper presents the formulization of performance measurement of implementing MES from several quantitative and qualitative aspects by analyzing the basic functions and objectives of MES and interviewing with some senior consultants and MES related working staff. In addition, multi-attribute decision making technique, analytic hierarchy process (AHP) is used to decide the priority of these performance measurement indices. The results of this research will be useful for a company when MES is an existing system or is a To Be system.
Introduction
The last few decades have seen the growth of an increasingly competitive environment in manufacturing and many organizations have started to realize that for an effective manufacturing system, engineering alone is not sufficient, a proper management system is also essential. Nowadays, as computers have become more accessible and powerful, information requirements have increased and have become more vital with each succeeding step of technological development. The manufacturing execution system is a platform of computer system designed to help manufacturers produce the products with best quality at the lowest cost and can be delivered at the right time.
According to MESA (MES association International), the definition of MES is as follows: MES collects real-time status and performance data about work-in-process (WIP) and equipment in the production line. MES processes such data, transforms it into useful information, and disseminates it to all production related organizations. The information is then used as input to re-optimize manufacturing resources allocation and scheduling [1] . Core functions and support functions of MES are shown in Fig. 1 and 2 respectively [2] .
From the management perspective, performance measurement provides the necessary information for management feedback for decision maker and process managers. It plays a critical role in monitoring performance, enhancing motivation and communication, and diagnosing problems. Implementing MES requires enormous investment for an enterprise. Henceforth, accurate performance measurement is helpful in the improvement of MES. However, there is only limited research addressed on the performance measurement for implementing MES in the existing literatures. In this paper, formulization of performance measurement of implementing MES from several quantitative and qualitative aspects by analyzing the basic functions and objectives of MES and interviewing with some senior consultants and MES related working staff in IC fab and TFT-LCD plant will be described firstly. And then, multi-attribute decision making technique, analytic hierarchy process (AHP) is used to decide the priority of these performance measurement indices. The results of this research will be useful for a company whether MES is an ongoing system or a future consideration. 
Analytic hierarchy process
The basic problem of decision making is to choose a best one in a set of competing alternatives that are evaluated under conflicting criteria. The AHP provides us with a comprehensive framework for solving such problems. It enables us to cope with the intuitive, the rational, and the irrational, all at the same time, when we make multicriteria and multiactor decisions. We can use the AHP to integrate our perceptions and purposes into an overall synthesis. The AHP does not require that judgments be consistent or even transitive. The degree of consistency of the judgments is revealed at the end of the AHP process [3] . AHP has been adopted to solve many decision making problems, such as supply chain performance measurement [4] , international plant location [5] , facility location [6] , etc. Decision applications of AHP are carried out in two phases: hierarchic design and hierarchic evaluation. The design of hierarchies requires experience and knowledge of the problem area. Two decision makers would normally structure two different hierarchies of the same problem. Thus, a hierarchy is not a unique. Once the hierarchy has been structured, the next step is to determine the priorities of elements at each level ('elements' here means every member of the hierarchy). The evaluation phase is based on the concept of pair-wise comparisons. A set of comparison matrices of all elements in a level of the hierarchy with respect to an element of the immediately higher level are constructed so as to prioritize and convert individual comparative judgments into ration scale measurements. The preferences are quantified by using a nine-point scale. The meaning of each scale measurement is explained in Table 1 . This process of comparison yields a relative scale of measurement of the priorities or weights of the elements. That is, the scale measures the relative standing of the elements with respect to a criterion independently of any other criterion or element that may be considered for comparison. These relative weights sum to unity. The final or global weights of the elements at the bottom level of the hierarchy are obtained by adding all the contributions of the elements in a level with respect to all the elements in the level above. This is known as the principle of hierarchic composition. Details of AHP methodology may be obtained from Saaty [7] . The pair-wise comparisons generate a matrix of relative rankings for each level of the hierarchy. The number of matrices depends on the number of elements at the lower level that it links to. After all matrices are developed and all pair-wise comparisons are obtained, eigenvectors or the relative weights, global weights, and the maximum eigenvalue (λ max) for each matrix are then calculated.
Theλ max value is an important validating parameter in AHP. It is used as a reference index to screen information by calculating the consistency ratio (C.R.) of the estimated vector in order to validate whether the pair-wise comparison matrix provides a completely consistent evaluation. The consistency ratio is calculated as per the following steps:
1. Calculate the eigenvector or the relative weights andλ max for each matrix of order n 2. Compute the consistency index (C.I.)for each matrix of order n by the formula:
3. The consistency ratio is then calculated using the formula:
where R.I. is a known random consistency index obtained from a large number of simulation runs and varies depending upon the order of matrix [7] . The acceptable C.R. range varies according to the size of matrix i.e. 0.05 for a 3 by 3 matrix, 0.08 for a 4 by 4 matrix and 0.1 for all larger matrices, n ≥ 5 [7] . If the value of C.R. is equal to, or less than that value, it implies that the evaluation within the matrix is acceptable or indicates a good level of consistency in the comparative judgments represented in that matrix. In contrast, if C.R. is more than the acceptable value, inconsistency of judgments within that matrix has occurred and the evaluation process should therefore be reviewed, reconsidered and improved.
Hierarchy and evaluation for MES performance measurement
A four level hierarchy is constructed as shown in Fig. 3 for MES performance measurement by analyzing the basic functions and objectives of MES and interviewing with some senior consultants, professors, and MES related working staff. Initially, the objective or the overall goal of the decision is presented at the top of hierarchy. Specially, the overall goal of this application is MES performance measurement. The second level represents the six main MES modules -process control, quality control, equipment control, production scheduling, order management and material management.
The main functions of MES with respect to six modules of level 2 are represented at the third level of hierarchy. The fourth level of hierarchy represents 45 main performance indices of implementing MES with respect to functions of level 3.
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An eleven pages questionnaire is design to investigate the preference of MES performance. In order to cover all pair-wise comparisons among all 45 performance indices, each questionnaire has 22 comparisons (matrices) respondents must to answer. There are 78 effective questionnaires are received from senior consultants, professors, and MES related working staff. Eigenvectors or the relative weights, global weights, and the maximum eigenvalue (λ max) for each matrix are then calculated using Expert Choice [8] software. The software is easy to use and understand, as well as providing visual representations of overall ranking on a computer screen. The relative weights of each element from level 2 to level 4 of each matrix are calculated firstly. All consistency ratios of these matrices are less than 0.05. In other word, the evaluation within the matrix is acceptable or indicates a good level of consistency. Then the relative weights are combined together with respect to all successive hierarchical levels in order to obtain the global weights of all 45 performance indices. Table 2 summarizes the relative weights and the global priority weights. By looking at these global weights in the last column of the table, it can be seen that improve process quality, enhance yield, improve product quality, manage process parameter and collect quality data are the top five performance indices in the list. These performance indices are the most important reasons for an enterprise to implement MES application software.
Conclusions
MES plays a pivot role in the shop floor control of an enterprise. Implementing MES requires enormous investment for an enterprise. Henceforth, accurate performance measurement is helpful in the improvement of MES. This study has proposed an AHP based performance measurement model for implementing MES. The hierarchy of AHP model is constructed firstly by analyzing the basic functions and objectives of MES and interviewing with some senior consultants and MES related working staff. The model is also reviewed by domain experts to verify the usability. Questionnaire is adopted to investigate the relative dominance of the MES performance indices. The final priority weights of each performance at the last level of the hierarchy are calculated using Expert Choice. The main benefits of implementing MES are process improvement and quality improvement. The study provides a valuable suggestion for a company when MES is an ongoing system or a future consideration. 
